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Can Tho City represents the main commercial and cultural center Mekong Delta in Vietnam. In recent years, 
the rapidly urbanizing Can Tho City has experienced serious flood inundation. Investigations by the 
Vietnam Ministry of Constructions have indicate a sharp increase in incidents of flood inundation as well as 
the depth of inundated water between 2000 and 2008, posing several problems for the stable and sustainable 
development of the city. The reasons attributed for increased urban flood inundation could be partly due to 
climate change and largely due to rapid landcover changes such as filling up streams and increase of 
impervious built-up surfaces. In this paper, we focus on quantitative estimation of landcover changes and 
investigating their impact on increased incidents of flood inundation in rapidly urbanizing parts of the city. 
The results of this investigation provide quantitative estimate of landcover change and discuss their impact 
by considering topography and hydrographic conditions in main urban centers of Can Tho City. Finally, the 
study also provides suggestions on measures for mitigating urban flood inundation that need to be 
considered in planning future urban development in Can Tho City. 
 
 1. INTRODUCTION 
 
Urban floods have come to be a recurring phenomenon 
in many parts of the world in recent times (Toda, 2007). In 
coastal Asian mega-cities, urbanization has been seen as 
one of the major factors in increasing urban floods risks 
(Kamini et al., 2006; Chang et al., 2009; Quan et al., 2010). 
Changes in urban landcover as a consequence of rapid 
urbanization can be elucidated using high-resolution 
satellite images that are currently available. Further, the 
impacts that such changes bring to the urban 
hydrography need to be examined not only to understand 
causes but also to evolve mitigation strategies for urban 
flooding. 
Can Tho City represent one of the rapidly growing 
urban centers in the Vietnam Mekong Delta. Our previous 
study in Can Tho City (Pham et al., 2010) using remote 
sensing data with medium resolution showed rapid urban 
expansion along the North-West and South-East direction 
over the last decade. Systematic  studies on the impact of  
landcover changes due to rapid urbanization and flood 
inundations that occur with increasing frequency are yet 
to be attempted. The rapid growth rate of the Can Tho 
City has put tremendous pressure on land and as a result, 
induced encroachment of flood plains, filling up of natural 
water channels and water bodies for residential and 
commercial purposes. Development of drainage systems 
has not kept pace with the rapid urban growth, resulting 
in inundation by polluted water that sometimes takes 
days to drain to natural canals and infiltration and 
pollution of groundwater (People Committee of Can Tho 
City, 2003). Most serious problems are observed in the Cai 
Rang and as Ninh Kieu district that were identified as 
growth centers in our previous research (Pham et al., 
2010). Immediate steps need to be taken to draw out an 
effective plan for urban development and flood mitigation 
in Cai Rang and Ninh Kieu districts.  
The main objectives of this research are to study the 
landcover changes in Can Tho City based on analysis of 
multi temporal high-resolution satellite images and 
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investigate the impact of such changes on flood inundation. 
IKONOS images for 2001 and 2008 were used to 
investigate impact on the natural hydrographic network 
and evaluate the relationship between landcover changes 
and flood inundation in Cai Rang and Ninh Kieu districts 
areas that are undergoing rapid urbanization. 
Pre-processing and feature extraction for the images 
provided a good level of detail on changes in the urban 
landcover. Digital Elevation Model (DEM) was 
interpolated from point elevation data of 1:2000 scale 
topographic maps using bi-cubic spline algorithm 
implemented in the BS-Horizon program (Nonogaki et al, 
2008). Extraction of hydrographic parameter such as 
stream network, watershed boundary and flow 
accumulation were generated using the DEM. The results 
of the present study indicate appreciable changes in 
landcover and natural hydrography in Ninh Kieu district 
as compared to Cai Rang district. The pattern and scale of 
landcover changes in Ninh Kieu district are seen to induce 
incidents of flood inundation in many locations as 
compared to the Cai Rang district. The methodology 
formulated in the present research need to be applied in 
other growth centers around Can Tho City to mitigate 
urban floods. Based on the present investigations some 
cost-effective counter measures that need to be considered 
for future development plans for Can Tho City is also 
suggested. 
 
２. STUDY AREA 
 
The study area for the present investigation is shown in 
Figure 1. The present study mainly focuses on Ninh Kieu 
District and Cai Rang District that was identified as areas 
of urban growth in our previous work (Pham et al., 2010). 
Ninh Kieu District is the administrative center of Can Tho 
City with high population density of around 7000 
persons/km2 (Ninh Kieu District People’s Committee, 
2008) and high growth of urban dwellers whose livelihood 
is mainly supported by non-agricultural activities (Pham 
et al., 2010). Ninh Kieu district has also been facing 
serious flood inundation in recent years. The Vietnam 
Ministry of Construction (Anh, 2006) has reported that 
during rainy season in year 2000, very few areas were 
inundated and even in areas that were previously prone 
water logging, the levels was recorded to be below 30 cm. 
However surveys during the 2006 rainy season revealed  
 
Figure 1. Study area in black rectangle, A and B are the 
watersheds under investigation 
(Urban areas based on Pham et al., (2010)) 
 
that 80% of urban area was inundated with some areas 
having water levels of over 50 cm. 
Rapid urban growth is responsible for many 
environmental and social changes in the urban 
environment.  The rapid growth of cities strains their 
capacity to provide services such as energy, education, 
health care, transportation, sanitation and human 
security.  Basic upkeep of urban infrastructure and the 
provision of services bring additional budgetary pressure 
on the city administration. Further, Ninh Kieu District 
and Cai Rang District are tending to become massive 
sprawl resulting serious environmental problems and 
degradation in quality of life. Ninh Kieu and Cai Rang 
could experience increased incidents of flood inundation in 
the future if systematic studies on causative factors and 
appropriate remediation are not considered. 
 
3. METHODOLOGIES AND RESULTS 
 
The work-flow of this research is shown in Figure 2. 
Firstly, IKONOS images in 2001 and 2008 (Figure 3) were 
processed to remove the effects of atmosphere and produce 
an estimate of the true surface reflectance to enhance the 
accuracy of landcover classification. IKONOS images, 
inundation maps and topographic map (scale 1:2000) were 
georeferenced to the same coordinate system to allow 
overlay and comparative analysis. Subsequently, 
landcover categories of the year 2001 and 2008 were 
extracted to examine change during this period. Further, 
the landcover changes were compared with flood  
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 Figure 2. Flow chart of workflow 
 
 
Figure 3. IKONOS images  
(a) image in 2001, (b) image in 2008 
 
inundation maps of year 2004, 2007 and 2009 monsoon 
periods. 
Digital Elevation Model (DEM) was generated from 
elevation points extracted from topographic maps of scale 
1:2000. The DEM was used to extract the watershed 
boundaries and hydrographic network to examine the 
relationships between flow accumulation and flood 
inundation sites. 
 
3-1. DATA SOURCE 
Data used in this paper were the IKONOS images 
acquired on 21st November 2001 and 19th June 2008 in 
coordinate system WGS84, UTM Zone 48 which were 
obtained from Spot Asia PTE LTD, Singapore. 
Multi-spectral IKONOS images comprise of 4 bands with 
spatial resolution 4m.  
Flood inundation maps were for years 2004 and 2007 
were obtained from the survey conducted by Institute of 
Architecture in Can Tho City. Further, field surveys were 
carried out in 2009 to collect data on flood inundation 
sites. 
Topographic maps scale of 1:2000 published in 2006 
were provided by Can Tho City Department of Natural 
Resources and Environment. The topographic maps 
include rivers, roads, and elevation vector layers in 
national coordinate system VN-2000, UTM Zone 48. 
 
3-2. PREPROCESSING 
IKONOS has four bands in visible (0.5-0.7µm) and 
near-infrared (0.76-0.9µm) wavelength. In preprocessing 
step, atmospheric correction was applied to calibrate 
surface reflectance from digital numbers (DN) to remove 
atmospheric effects using FLAASH module of ENVI 
software. IKONOS images after atmospheric correction, 
topographic maps and flood inundation maps were 
georeferenced to Vietnam national coordinate system 
(VN-2000, WGS84, UTM Zone 48) for the further analysis. 
Topographic maps of 1:2000 scale were used as base maps 
to geo-rectify IKONOS in 2001 and 2008 using a 2nd order 
polynomial transformation. In order to geo-rectify 
IKONOS images, 15 GCPs (Ground Control Points) for 
2001 image and 11 GCPs for 2008 image were identified 
on the IKONOS images. The RMS (Root Mean Square) 
errors for the GCPs for 2001 and 2008 were calculated to 
be 0.51 and 0.27 pixels, respectively. 
 
3-3.TERRAIN AND WATERSHED DELINEATION FROM 
TOPOGRAPHIC MAPS 
DEM is a digital representation of ground surface 
topography and has a very important role in detecting 
flood risk areas. In this study, bi-cubic spline interpolation 
algorithm developed by Nonogaki et al. (2008) was used to 
generate high resolution 5-meter DEM. A total of 61059 
elevation points derived from 1:2000 scale topographic 
maps were used as input for generating the DEM. The 
elevation values in the interpolated DEM have range 
value from -0.33 m to 4.01 m. The output DEM provided 
the terrain information (Figure 4(b) and Figure 5(b)). 
Based on the generated DEM, watershed and stream 
networks could be extracted using module r.watershed of h  
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 Figure 4. Watershed A (a) landcover changes, (b) DEM and accumulation. 
 
GRASS software. The r.watershed is watershed basin 
analysis program which assigns flow direction for each 
DEM grid cell, assigns flow accumulation per cell and 
delineates the DEM into sub-basins based on the flow 
accumulation threshold set by the user (Neteler and 
Mitasova, 2008). In this research, flow accumulation 
threshold was set at 5000 to delineate the watersheds. 
Two watersheds, A and B (Figure 3) with include urban 
centers of Ninh Kieu and Cai Rang Districts were chosen 
as target sites for further analysis. The watersheds named 
A and B cover 220 ha and 357 ha, respectively. 
 
3-4. LANDCOVER CHANGE 
Landcover is the observed physical cover on the earth’s 
surface (Gregorio and Jansen, 2000). Based on the major 
landcover types observed in this study area, IKONOS 
images were classified following classification system of 
FAO (Table 1). The landcover classes delineated from the 
Table 1. Landcover classification system for use with 
remote sensing data (Gregorio and Jansen, 2000) 
 
Categories Explanations 
Built-up land 
Residential, commercial, 
industrial, transportation, 
urban, built-up land 
Bare land 
Soil without vegetation and no 
concrete land 
Dry vegetation Vegetation in dry soil 
Wet vegetation Vegetation in wet soil 
Water bodies Streams, canals, lakes… 
 
satellite images include built-up area, dry vegetation, wet 
vegetation, bare land and water bodies. The Feature 
extraction (Fx) module of ENVI software which allow to 
extract features from high-resolution imagery was used to 
extract information from images as features representing  
(a)                                       (b)                    
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Figure 5. Watershed B (a) landcover changes, (b) DEM and accumulation. 
 
landcover classes listed in Table 1. Landcover classes 
observed on the image can be expressed as different 
features based on low-level characteristics such as color, 
texture and shape. The characteristics of each landcover 
type are used extracted as features directly from digital 
representations on the image (Madhubala and Seetha, 
2011). Feature Extraction workflow was applied using 
IKONOS images acquired in 2001 and 2008 for A and B 
watersheds with include urban centers of Ninh Kieu and 
Cai Rang Districts. Subsequently, the landcover layers for 
2001 and 2008 were used to identify changes between 
period of 2001 and 2008. The landcover vectors of 2001 
and 2008 were rasterized using the GRASS v.to.rast.  
 
function and r.mapcalc function to generate the difference 
image. The landcover change map for A and B watersheds 
with include urban centers of Ninh Kieu and Cai Rang 
Districts are shown in Figure 4(a) and Figure 5(a). 
In order to check classification accuracy, the landcover 
map in the year 2008 was selected randomly the sample 
points and compared with the ground truth points which 
were collected in field surveys in 2009 (5 points) and 2011 
(14 points) by the local citizens’ information of 2008 
landcover types. The ratio of correct samples (17 points) 
and total of samples (19 points) of landcover map in 2008 
was 89%. This accuracy is quite considered adequate to 
use this thematic map in this research. 
(a)                            (b)   
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4. DISCUSSIONS 
 
With the aim of understanding and evaluate the 
relationship between landcover changes and flood 
inundation, overlay of DEM and inundation maps of year 
2004, 2007 and 2009 were prepared. 
Watershed A covering the Ninh Kieu District, the center 
of economic and commercial of Can Tho City has the 
highest population density and has been experiencing 
serious inundation phenomenon especially in raining 
season. The calculated statistics of the changes shown in 
Table 2 explains the general causes of inundation.  
In the Table 2, total of changed area was 31.67ha and 
covers 14.4% of area’s watershed A. In Table 2, there was 
9.1% (2.88ha) change from dry vegetation to water 
landcover which is happened mostly in Xang Thoi Lake. 
Before the year 2006, Xang Thoi Lake was known as the 
serious polluted area and was encroached by many small 
houses. The surface of the lake was covered by floating 
vegetation and grasses so that IKONOS of 2001 was 
recognized the vegetation landcover. From November 2006, 
after being renovated and upgraded with support from 
World Bank, this lake and the around area have become a 
beautiful and spacious landscape. This has made positive 
change in the life and the landscape of An Cu Ward. 
However, this project also caused the reduction of 
undesired vegetation area around this lake. Therefore 
there was 45.8% (14.49ha) of changed area from dry 
vegetation to built-up happened around this lake mostly. 
Besides 19.5% (6.18ha) of area is the bare land points 
become the built-up along with the development of the city. 
In totally, most of the change was the increasing of 
built-up area which is 65.3% (20.67ha) and has reflected 
the increase of impervious surface such as building, roads 
and paved surface. Although the government has made 
the effort to increase the green area by growing up trees 
along streets (17.2%), 65.3% of increase in impervious 
surface is one of the main causes of increased flood 
inundation (Kamini et al., 2006) in the recent times.  
In Figure 6(a), the inundation map of watershed A in the 
year 2004, 2007 and 2009 shows that Hoa Binh, Chau Van 
Liem, Phan Van Tri, Le Thanh Ton and Xo Viet Nghe Tinh 
streets which located in An Lac, An Phu Wards were the 
new inundation areas of year 2009. These areas also 
located in the place which had many changes into built-up 
landcover type (Figure 4(a)). Moreover, comparing with 
DEM image (Figure 4(b)), it was found that those streets 
are in the low elevation. As a result of significant increase 
in built-up areas and decreasing vegetation and bare land 
which used to act as percolation zone, the low-lying parts 
of the A watershed are seen to be affected by inundation 
due to inadequate or old drainage systems and increased 
the water-flow during rainy season. Furthermore, Ngo 
Quyen, Truong Dinh, Ly Tu Trong and De Tham Streets 
face inundation phenomenon after heavy rain even though 
they located close Xang Thoi Lake. These areas are 
low-lying (Figure 4(b)) and many of streams linking to this 
lake were filled up resulting in the lack of drainage lines 
for rainwater. The main outlet from Xang Thoi Lake 
traverse built-up areas and get inundated due to lack of 
percolation and natural drainage into the Hau River 
which is one of the biggest rivers at Mekong Delta. Hoa 
Binh and Ngo Gia Tu streets represent relatively low-lying 
areas with elevation of less than 2m (Figure 4(b)) and 
located on the flow accumulation lines, resulting in heavy 
inundation in 2004 and 2007 (Figure 6(a)). However, in 
2009 inundation is controlled due to construction of new 
drainage systems in this area.  
Furthermore, in the Figure 4(b), the watershed A’s 
boundary is isolated from the biggest Hau River and Can 
Tho River and the accumulation lines also do not drain 
water into these rivers. Therefore rain water will drain 
into the sewing pipes and require pumping to appropriate 
outlets. The increase of built-up area (65.3% of total 
change areas to built-up landcover), water accumulation 
into built-up areas, topography and lack of drainage 
systems were the main reasons which caused the heavy  
 
Table 2. Area of landcover changes of watershed A 
 
No. 
Landcover change 
classification 
Area 
(ha) 
Percentage 
1 Dry vegetation  Built-up 14.49 45.8 
2 Bare  Built-up 6.18 19.5 
3 Built-up  Dry vegetation 5.46 17.2 
4 Dry vegetation  Water bodies 2.88 9.1 
5 Others 2.66 8.4 
Total of changed area 31.67 100 
6
Figure 6. Inundation maps (a) watershed A (b) watershed B. 
 
inundation floods in watershed A. Based on these 
observations it is proposed that drainage has to be 
improved by dredging old canals and construction of new 
sewerage pipes. The upgrading drainage system should 
prioritize low lying areas such as Hoa Binh, Phan Van Tri, 
Ly Tu Trong, and Phan Dinh Phung Streets. Further 
studies need to be carried out in these areas to help site 
selection for drainage pumping stations in order to 
mitigate flood inundation. 
Watershed B is located in Cai Rang District which is the 
newly developing area undergoing rapid urbanization 
during the past decade (Vu, 2011). Future development in 
Cai Rang District will benefit greatly from timely 
assessment for prudent social, economic and 
environmental planning (Pham et al., 2010) to mitigate 
flood inundation in the future. In the period 2001 to 2008, 
the landcover of B watershed changed significantly 
(Figure 5(a)). In the watershed B, the statistics of changes 
table (Table 3) indicates that the total of changed area 
(90.71 ha) covered 25.4%. It was 3 times higher than in 
watershed A due to recently developing area. Most of the 
change was from dry vegetation to built-up area (35.8%, 
32.50ha) and from dry vegetation to bare land (31.0%, 
28.15ha). That means the pervious surface – dry 
vegetation area was reduced (66.8%) although there is 
7.6% (6.84ha) of changes from bare land to dry vegetation 
area. Recently, change in Land Cover in watershed B has 
also been induced since 2004, when Can Tho Bridge 
project was started and then National Highway was 
re-routed through Cai Rang District. Subsequently, many 
of planned constructions such as building, roads, houses 
and parks, were completed in the intervening period 
between 2001 and 2008. Therefore, bare land is recognized 
in the year 2008 around the National Highway that 
changed built-up area subsequently. It is seen that 31.0% 
increase in bare land (Table 3) would eventually become 
built-up area with characteristics of impervious surface. 
Besides the maintaining streams and lakes have not  
(a)             (b)   
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Table 3. Area of landcover changes of watershed B 
 
No. 
Landcover change 
classification 
Area 
(ha) 
Percentage 
1 Dry vegetation  Built-up 32.50 35.8 
2 Dry vegetation  Bare 28.15 31.0 
3 Bare  Dry vegetation 6.84 7.6 
4 Water bodies  Dry vegetation 6.26 6.9 
5 Others 16.96 18.7 
Total of changed area 
 
90.71 
 
worked well so that these water bodies gradually covered 
by floating vegetation, grass and decrease in the water 
covered area. A 6.9% change from small streams and lakes 
to vegetation areas is also observed which affects storage 
of rain water. 
In the presently, flood inundation in the watershed B is 
not as frequent and wide-spread as in watershed A and 
only some segments along Nam Song Hau Street which is 
the main street in Cai Rang District experience flood 
inundation during is heavy rain (Figure 6(b)). 
Furthermore the watershed B represents low-lying area 
(Figure 5(b)) when compared with A, but has a better 
network of natural drainage with numerous small 
streams and rivers draining into the Hau River. However, 
the increase of impervious land-cover could result in much 
severe flood inundation and proper planning is needed to 
effectively retain the natural drainage 
 
5. CONCLUSIONS 
 
Landcover change in parts of Can Tho City has been 
investigated using multi-spectral IKONOS data for 2001 
and 2008. Feature Extraction was applied to extract the 
landcover categories from IKONOS high-resolution 
images in the year 2001 and 2008 in Can Tho City, 
Vietnam. The results of this study suggest that there is 
the strongly relationship between landcover change, 
topography, flow accumulation and flood inundation in 
both districts.  
Landcover changes were detected in two watersheds 
representing different phases of urbanization in Can Tho 
City. The watershed A representing urban center of Ninh 
Kieu district shows significant landcover change in the 
period between 2001 and 2008. Sharp increase of built-up 
area, filling-up of natural water channels and the isolated 
(lack of outlet to the main Hau river) nature the 
watershed are the main causes of increased incidents of 
inundations. Civil measures such as restoration nature of 
percolation zones and dredging of clogged water channels 
is suggested. Generation of high resolution DEM and its 
use to design drainage system would also been necessary 
to mitigate flood inundation especially in low-lying areas 
such as Hoa Binh, Phan Van Tri, Ly Tu Trong and Phan 
Dinh Phung Streets. 
As opposed to the Ninh Kieu District, watershed B 
represents newly urbanizing Cai Rang Districts having 
landcover changes 3 times higher than Ninh Kieu District 
(watershed A) for the period between 2001 and 2008. 
Fortunately the watershed B has the main accumulation 
lines which concentrate or connect to the rivers and the 
natural drainage in watershed B is relatively preserved. 
However change area of Cai Rang District was 3 times 
higher so that such the rate of built-up increase and filling 
up the water bodies in recent year made few incidents of 
flood inundation mainly along some segments of Nam 
Song Hau Street. Mitigation against future flood 
inundation would require better urban planning with 
strict policy guidelines for retaining percolation zone and 
preservation of natural drainage. 
That present research is the first systematic attempt to 
investigate the impact of urbanization and flood 
inundation in two districts in Can Tho City under 
different phases of development. Further studies are 
needed to carry for whole city considering the landcover 
changes and urban development plans for other 
watersheds in order to formulate an effective master plan 
for sustainable development of Can Tho City. 
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